Both a-receptor blockade with phenoxybenzamine or catecholamine depletion by reserpine administration reduced the pressor response approximately 50%. Further treatment with [Sar'-Ile']AII completely blocked the AII pressor response. We conclude that the pressor response to AI1 in this species that represents an ancient group of reptiles includes a catecholamine-dependent component and direct vascular receptors, both of which are sensitive to AII.
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ALTHOUGH
THE RENIN-ANGIOTENSIN system has been the subject of intensive study in mammals for many years, it has rece&ed much less attention in nonmammalian species. A summary of the current status of the work in this field was the subject of a recent series of reports (8,9,14,18). Present evidence suggests that some components morphologically identical with, or analogous to, the renin-angiotensin system appear across the phylogenetic spectrum from teleosts to mammals. These studies have yielded valuable new information with regard to phylogenetic appearance of components of the renin-angiotensin system and have brought into focus the considerable gaps remaining in our knowledge of the functional physiology of this system in nonmammalian vertebrates. Pressor or steroidogenic responses to either exogenously administered angiotensin or crude homologous kidney extracts have been reported in representatives of a number of nonmammalian species (5,12-14,17, 19-21). However, information is sparse concerning specific mechanisms responsible for these responses. For this reason we undertook to characterize vascular receptors in the turtle, a representative of the reptilian class, with particular emphasis on angiotensin-sensitive responses.
METHODS
AU. studies were conducted in Pseudemys scripta (800-1,200 g) obtained through local suppliers. Prior to the experiments the turtles were kept for l-2 wk in a shallow freshwater environment of approximately 25°C. On the day of the experiment the animal was anesthetized by injecting 200 mg/kg chloral hydrate into the peritoneal cavity through a small burr hole in the carapace. A piece of the carapace was removed with a Stryker bone saw at the level of the third and fourth costal scute on both sides. The femoral artery was isolated on one side and an unidentified vein isolated on the other. PE-90 catheters were inserted into both vessels and used for arterial pressure measurement and intravenous drug administration, respectively. Arterial pressure-was measured with a calibrated low-pressure transducer (Statham 23-BB) and continuously recorded as pulsatile and an electronically averaged mean pressure with a rectilinear ink-writing recorder (Beckman R-611). Because of the low arterial pressure typically exhibited in the turtle, the recording system was periodically checked throughout the experiment for base-line stability and calibration to assure accuracy of measurements.
Experimental protocol. These experiments were designed to qualitatively characterize the vascular response to exogenously administered angiotensin in a representative reptilian species. Ideally, the angiotensin of choice would be that homologous to the turtle. However, at present the .peptide sequence of native turtle angiotensin is uncertain and pure homologous material is unavailable. For this reason synthetic [Aspl-Ile5]angiotensin II (AII) was used throughout. It should be recognized that even though the response to native turtle AI1 is probably qualitatively similar, the quantitative response may be somewhat different.
The same basic temporal protocol was followed in all studies. After surgical preparation, a 30-min period of stabilization was allowed. A 20-min control period was followed by an intravenous bolus drug injection. No further drugs were administered until the previous response was complete, and arterial pressure had returned to base line for at least 10 min. Group 1. Pressor response to AII and effect of prior treatment with [Sar '-Ile@+]AII. Five turtles were studied as described above to establish the basic response to AII. After control data was obtained, a bolus injection of AI1 (2 pg/kg) was given in a volume of 0.5 ml 0.9% saline. Blood pressure and heart rate were continuously recorded until the response was complete and the pressure had returned to control levels for at least 10 min.
To verify that the pressor responses observed were mediated by receptors activated by AII, a continuous intravenous infusion of a synthetic analogue of AII, [Sar'-Ile8]AII (4 pg. kg-' min-l), was begun and continued for 30 min. A second 20,min control period was begun and then followed by AI1 administration as before. Since the nature of these studies dictated that repeated doses of AI1 be given over an extended period of time, it was important to establish that the reduced responses seen after a given treatment were not due to tachyphylaxis rather than the treatment. To study this possibility, four additional turtles were given AI1 at three 60-min intervals. A continuous infusion of saline (0.31 ml/min) was given instead of [Sar'-Ile']AII. entire sequence repeated. Finally, as a matter of interest and since to our knowledge no information in intact turtles is available in this regard, we tested an additional group for the presence of vascular P-adrenergic receptors. Six turtles were tested for their blood pressure and heart rate response to isoproterenol (4 pg/kg) before and after propranolol (2 mg/kg) administration.
No attempt was made to develop dose-response curves in these turtles.
Group 2. Attenuation of pressor response to AII by a-adrenergic receptor blockade. Since the results of group 1 indicated that AI&sensitive, receptors were capable of eliciting a pressor response in these reptiles, we undertook additional studies to determine whether the response was mediated exclusively by a direct action of AI1 on vascular smooth muscle or, in part, by adrenergic pathways. Five additional turtles were first studied as before for their response to AII. When arterial pressure had returned to control levels, phenoxybenzamine (4 mg/ kg) was administered intravenously. Thirty minutes were allowed for drug effect, and then the entire sequence of control and AI1 administration was repeated. After these data were obtained, [Sar'-Ile']AII was infused as before, and the combined effect of cx-blockade and AII-receptor blockade was studied. Statistical analysis. All experiments were designed so that each turtle would act as its own control. This allowed a paired Student's t test to be applied comparing data during control with that after a give treatment. In all cases, rejection of the null hypothesis at a 95% confidence level (P < 0.05) was accepted as indicating that a given treatment was effective. In all instances deviations around mean values are expressed as one standard error of the mean (SE).
RESULTS
Group 3. Attenuation of pressor response to AI1 by prior reserpine treatment. To verify the contribution of adrenergic mechanisms by a second method, a study identical to that described above was conducted, except that catecholamine depletion with reserpine was used rather than a-receptor blockade. Five turtles were given 0.2 mg reserpine twice daily for 3 days prior to the experiments. The drug was administered into the peritoneal cavity via a 23.gauge needle inserted through a small hole in the carapace. Each turtle was then tested for its individual response to AI1 and then retested as before after [Sar'-Ile']AII.
To ensure that catecholamine depletion had been complete, an additional group of six turtles was tested with a fivefold greater dose of reserpine (1 mg l kg-l l day-') for 3 days and tested for their response to both AI1 and tyramine (1 mg/kg). An additional group of four turtles which had not been treated with reserpine was tested for their response to tyramine. All turtles exhibited the typically low arterial pressures and heart rates previously reported in reptiles (13). In group 1, arterial blood pressure was significantly increased in response to AII. Figure  1A is a reproduction of an example of this very predictable response. : 8OrB .
Group 4. Verification of adrenergic receptors in turtle uascuZar beds. Since the data gathered from the studies outlined above indicated that a significant fraction of the response to AI1 was mediated via adrenergic-dependent mechanisms, we felt it essential to verify the presence of adrenergic receptors by another independent method. Six turtles were used to determine dose-response relationships between arterial pressure and intravenously administered norepinephrine. Each was tested for its response to a bolus injection of dl-norepinephrine HCl (0,2,4, and 6 ,ug/kg, expressed as the salt), the sequence of the doses being randomly assigned. The usual 20-min control period was observed followed by a given dose randomly selected. After the response was complete for at least 10 min, a new control period was observed and then followed by a second dose. In this way interaction between doses was not a significant factor. Phenoxybenzamine (4 mg/kg) was then administered and the 
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rates rose from 32.4 t 6.6 to 44.0 t 6.6 beats/min. Both pressor and heart rate responses were blocked by the analogue. It is clear that the lack of a pressor response after [Asp'-Ilea]AII was not due to tachyphylaxis, since the time-control group, in which AI1 was given repeatedly at 60-min intervals, exhibited only slight attenuation of the pressor response over the same time course. Mean pressor responses of the second and third trials were only 0.7 t 1.2 and 1.2 t 2.2 mmHg less than the first response. Although [ Sar'-Ile']AII exhibited no immediate intrinsic agonistic action at this relatively high dose (Fig. l) , arterial pressure gradually increased and by the end of the 30.min period of infusion had risen 28.5 t 8.5% (P < 0.05) from control values.
Group 2. Attenuation of pressor response to AII by a-adrenergic receptor blockade. The studies of group 2 were designed to test whether adrenergic pathways had been a significant contributor to the pressor response to AII. The data from this group are summarized in Fig. 3 . The response to AI1 alone was nearly identical to that. of the previous group. Arterial pressure was 19.2 t 3.0 mmHg prior to and 47.6 t 5.0 after AI1 administration. Phenoxybenzamine reduced this response by approximately 50%. However, significant pressor responses to AI1 were still present (P < 0.05); arterial pressure increased from 20.2 -t 5.6 to 34.5 t 6.0. The addition of [Sar'-Ile']AII again totally blocked the AI1 pressor response. The recorded response of a single turtle to the three treatments outlined above is reproduced in Fig. 1 .
Group 3. Attenuation of pressor response to AII by prior reserpine treatment. The turtles of group 3 were studied after reserpine treatment to test in another independent way the participation of adrenergic components in the response to AII. The results of these data are given in Fig. 4 . In turtles receiving reserpine at 0.2 mg+ kg-' *day-' dose, mean control arterial pressure (19.6 t 1.3) was very similar to that of the previous groups. Administration of AI1 increased pressure to 37.8 t 2.1, an absolute pressor response similar to that after phenoxybenzamine treatment but less than that seen during AI1 alone in both previous groups. bars, means; brackets, SE. *P < 0.01.
higher dose of reserpine (1 mg l kg-' l day-'), base-line arterial pressure (12.3 t 2.0) was lower than that seen in previous groups. Administration of the usual dose of AI1 resulted in a highly significant (P < 0.01) pressor response, pressure going from 12.3 t 2.0 to 28.0 t 4.8 mmHg ( Table 1 ). The absolute pressor response (ca. 16 mmHg) was very similar to that seen in the group receiving the lower dose of reserpine (ca. 18 mmHg) or phenoxybenzamine (ca. 15 mmHg). Tyramine administration to the reserpine-treated group evoked a slight (3 mmHg) but insignificant rise in pressure. In contrast, the same dose of tyramine given to the nonreserpinized group resulted in a significant (P < 0.05) pressure response (12 mmHg) and gave confidence that catecholamine depletion had been effective in the reserpine-treated group. A comparison of the absolute value of the pressor response in each of these groups with the pooled responses to administration of AI1 alone in the previous untreated groups shows that a statistically significant attenuation of the usual AI1 response was present in both reserpinetreated groups (P < 0.05).
Group 4. Verification of adrenergic receptors in turtle uascuZar beds. Since it seemed apparent to us that the classical methods we used to impinge upon cx-adrenergic mechanisms had also attenuated the pressor response to AII, we felt it was essential to demonstrate in the turtle that cx-blockade could indeed attenuate the pressor response to increased circulating catecholamines. To our knowledge such information has not been reported in intact turtles. The turtles of group 4 were used to generate dose-response relationships between exogenously administered norepinephrine and blood pressure responses in turtles before and after pretreatment with phenoxybenzamine.
The results of this study are shown in Fig. 5 . It is clear that a dose-dependent increase in arterial pressure was present in response to intravenous norepinephrine administration and that phenoxybenzamine (4 mg/kg) significantly attenuated the response at all doses of norepinephrine tested. In the final group of turtles, isoproterenol administration (4 pg/kg) reduced 
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arterial pressure from 17.3 t 1.2 to 13.2 t 0.9 mmHg (P < 0.05) and increased heart rate from 37 t 3.9 to 52 t 1.8 beats/min (P < 0.01). Both responses were completely blocked by propranolol (2 ,ug/kg) and show that intact turtles respond to P-receptor activation in a manner qualitatively similar to that of mammals. Propranolol alone reduced the control arterial pressure of 17.3 t 1.2 prior to the drug to postdrug control levels of 13.3 t 1.8 (P < 0.05). Heart rate was similarly reduced from 37.0 t 3.9 to 19.7 t 1.8 (P < 0.05).
DISCUSSION
These studies clearly indicate that turtles (P. scripta) possess receptors capable of activation by exogenously administered AII. That these receptors have specificity for AI1 is demonstrated by the fact that [Sarl,Ilea]AII effectively blocked the response (Fig. 2) . It also seems clear that the pressor response to AI1 can be attributed to a combination of both direct vascular and indirect catecholaminergic influences. The fact that a-receptor blockade and prior catecholamine depletion both reduced the response by about 50% (Figs. 3 and 4 , Table 1) suggests that AI1 stimulates the release of catecholamines from nerve terminals of the vascular beds and/or chromaffin cells in turtles as it does to a lesser extent in mammals (16). That [Sar'-Ile']AII totally blocked the pressor response in the presence of intact cx-adrenergic pathways (Fig. 2) and that interruption of a-adrenergic pathways alone reduced the AI1 response approximately 50% suggest that the receptors involved in catecholamine release and those directly responsible for contraction of smooth muscle have the common property of being sensitive to AI1 or its analogue.
Although the precise mechanisms underlying the pressor response to AI1 in lower vertebrates are not well defined, the present data provide additional insight. Our turtles clearly possessed catecholamine-sensitive receptors (Fig. 5) . Reptiles, including alligators and turtles, show pressor responses to both epinephrine and norepinephrine (1). In addition, arterial strips from lizard exhibit contractile responses to both catecholamines and acetylcholine, both of which are blocked by a-adrenergic antagonists (6). In fact, it appears that there has been a progressive evolvement from dual adrenergic and cholinergic peripheral vascular control in lower vertebrates to exclusive adrenergic control in mammals (3). Perhaps the mechanisms underlying the pressor action of AI1 developed in an analogous manner from acting exclusively by releasing catecholamines, in the more primitive species, to becoming increasingly dependent on specialized receptors that are independently sensitive to AI1 as one progresses up the phylogenetic scale. There has been speculation that from a phylogenetic point of view receptors sensitive to angiotensin may have appeared prior to the appearance of components or functional development of the renin-angiotensin system. There is evidence for such an hypothesis, since elasmobranchs, in which conventional methods have failed to demonstrate a reninangiotensin system, show a pressor response to exogenously administered angiotensin (15). Furthermore, this response is totally blocked by adrenergic antagonists (15). This suggests that AILsensitive receptors were present prior to the appearance of renin and angiotensin and that the pressor action of AI1 was mediated exclusively by a release of catecholamines. As our data show, the turtle, in which juxtaglomerularlike cells have been morphologically identified, is only partly dependent on catecholamine release for a full expression of the pressor response to AII. They clearly possess vascular receptors dependent on AI1 but independent of catecholamine activation.
Whether angiotensin-dependent receptors play any role in arterial pressure regulation in this species is unclear at best. In fact, the question of their role in normal physiological control of blood pressure in mammals is unsettled. The functional role of the renin-angiotensin system in the control of arterial pressure is especially difficult to resolve in species (e.g., turtles) in which arterial pressures are characteristically very low. If arterial pressure in these turtles was in part being sustained by endogenous AII, then one might anticipate that ad- 
